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Abstract 
Spinel structure of (Mg, La) substituted spinel Ni-Zn ferrite has been synthesized by sol–gel auto combustion method. The ferrite 
exhibits a single-spinel structure. The ferrite is studied as a microwave absorbing material. The microwave measurements are 
carried out by a vector network analyzer. The reflection loss of the ferrite is calculated as a single-layer absorber. The results 
indicate that the ferrite annealed at 850ć has great potential for application in electromagnetic wave attenuation. 
© 2013 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Recent years, the study of microwave absorption materials have attracted more and more interest because they 
can be used in commercial and defense purposes [1]. Ni-Zn ferrite is a well-known spinel magnetic material, which 
can be utilized as radar absorbing materials (RAM). In order to prepare such RAM, conventional ferrite preparation 
techniques usually require high calcinations temperatures to make the ferrite total transition [2]. Reducing the 
sintering temperature can save energy and cost. It has been reported sol-gel methods can synthesize ferrite in a 
relative low temperature [3]. Lu has introduced a aqueous solution method to prepare Ni-Zn ferrite at low 
temperature [4]. The aim of our work is to synthesize RAM at low temperature. Yet substituting a portion of metallic 
ions in ferrites can modify their magnetic properties. Li reported microwave absorbing property of ferrite material 
can be improved by substitution La [5]. Bueno studied Mg substituted Ni-Zn ferrite and found permeability 
increased [6]. In this work, magnesium and lanthanum are used to substitute Ni-Zn ferrite. The structure and 
microwave absorption properties will also be investigated.   
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2. Experimental procedure 
2.1. Preparation of the ferrite particles 
Nanoparticles ferrites have been synthesized by the conventional sol-gel method. The typical preparation 
procedure is as follows: analytical grade metal nitrates and citric acid are used as raw materials. The molar ratios of 
Ni2+:Zn2+:Mg2+:La3+:Fe3+ are 0.5:0.4:0.1:0.01:1.99, which gives a composition of Ni0.5Zn0.4Mg0.1La0.01Fe1.99O4. The 
nitrates and citric acid are weighed in desired stoichiometric proportions and dissolved separately in minimum 
amount of distilled water. The individual solutions are then mixed together and the pH value of the solution is 
adjusted to 6 by adding dilute ammonia solution. The solution is slowly heated and stirred using a hot plate magnetic 
stirrer utill it turns into a dark vicous liquid, then it is dried in 120°C for 24h. The dried gels are ignited in order to 
obtain loose powders. These powders are sintered in air for 2 h at temperatures of 850 °C. Then these powders are 
cooled down to room temperature naturally. 
2.2. Characterization 
Powder X-ray diffraction (XRD) patterns have been recorded using a Rigaku model D/max 2500 system with 
Ȝ=0.154nm Cu-KĮ radiation. The infrared spectroscopy (FTIR) analysis is performed at room temperature. The 
thermal analysis (TG/DSC) is is also carried out to evaluate the effect of heating on structural changes of the 
synthesized sample. The complex permeability and permittivity spectra are measured in the range of 1 GHz-18 GHz 
using an HP8722ES network analyzer. For this purpose, the as-prepared ferrite powders are homogeneously 
dispersed into wax matrix and compacted into rings for the permeability and permittivity measurement. The ferrite –
wax composites contain 60% of ferrite (wt %). 
3. Results and discussion 
3.1. XRD analysis 
Fig. 1 shows XRD patterns of as prepared (Mg, La) substituted ferrite sample. All the peaks can be indexed to a 
single spinel structure and no second phase is detected. The diffraction peaks also confirm the good crystallization 
of the products. The average crystallite size is calculated by Scherer relation for the strongest peak of (311) plane [7]. 
The calculated average grain size of the annealed ferrite is 26 nm. 
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Fig. 1 X-ray diffraction patterns of the ferrite 
3.2. FTIR spectral analysis 
The FTIR spectra of the (Mg, La) substituted spinel ferrite of the as-burnt powder sample is shown in Fig. 2. The 
peaks at 3440 cm-1 and 1640 cm-1 are attributed to the stretching vibrations of –OH band and C=O [8]. The strong 
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band that appears around 571 cm-1 is the characteristic bands of the shorter bond length of oxygen-metal ions in the 
tetrahedral sites in spinel structure of the ferrite [9].  
 
4000 3000 2000 1000
5711640
Tr
an
sm
itt
an
ce
(%
)
Wavenumber/ cm-1  
3440
 
Fig. 2 FTIR spectra of the as-burnt ferrite powders 
3.3. Thermal analysis 
During heat treatment of the as-prepared powder, several processes such as dehydration and decomposition of the 
residual organic groups and sintering take place. The TG/DSC curve of the dry precursor of the ferrite is shown in 
Fig. 3. DSC curves shows that the first weight loss occurred at 0-200ćthis process is the loss of free water and 
bounded water from the gel precursor. In addition there is a sharp exothermic peak of the gel located in 207-
219ćThe weight loss of the gel is 88% in this narrow temperature range. The great peak is attributed to the 
breakdown of the gel precursor and a spontaneous combustion. The spontaneous combustion is induced by the 
oxidizing interactions of citrate, nitrate ions and ammonium nitrate in the gel accompanying with liberation of H2O, 
CO2 and NOx [10]. The third stage is in the temperature range of 230-900 ć, a broad exothermic event occurs and 
the spinel phase is formed, which is proved by the XRD analysis [11]. 
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Fig. 3 TG-DSC curves of the gel precursor 
 
3.4. Microwave absorbing properties of the ferrite 
It is well known that the basic principle of microwave absorbing material is to consume electromagnetic wave 
energy by increasing the energy conversion when the electromagnetic wave signals move to the microwave 
absorption material. For preparing a low-reflection of RAM, there is two fundamental conditions must be satisfied. 
The first is that the incident wave can enter the RAM by the greatest extent (impedance matching characteristic), 
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and the second is that the electromagnetic wave entering into the RAM can be attenuated in the maximum within the 
finite thickness of the RAM [12]. This condition is satisfied at a particular matching thickness and matching 
frequency, where minimum reflection loss occurs. The reflection loss is carried out based on the model of a single 
layer plane wave absorber. The reflection loss is described as the following formula [13]:   
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Where ȝr and İr are the complex permeability and complex permittivity of the ferrite respectively, f is frequency, 
in free space, c is the velocity of light and d is thickness. The reflection loss is simulated and calculated by 
MATLAB software in accordance with the formula. Besides the thickness of microwave absorption material 
influences the reflection loss property. There exists a matching thickness at a special frequency for a magnetic 
material. Fig 4 shows the simulated relationship between frequency and reflection loss of the annealed ferrite 
samples at different thickness. It is observed that the reflection loss of the ferrite reaches minimum value -10 dB at 
the frequency of 13.7GHz at the thickness of 3 mm. The reflection loss below -5dB is between 11.2 GHz and 16.8 
GHz. This ferrite can be used as RAM in X-band frequency and Ku-band frequency.  
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Fig. 4 Reflection loss of the ferrite at different thickness 
4. Conclusions 
 (1) Nano crystalline particles of (Mg, La) substituted Ni-Zn ferrites have been synthesized by sol-gel auto 
combustion route in this study.  
(2) The ferrite samples exhibit single spinel phase structure. The calculated average grain size of the annealed 
ferrite is 26 nm. 
 (3) The reflection loss of the ferrite is examined in the frequency of 1-18 GHz. The ferrite annealed at 850ć 
shows minimum reflection loss of -10 dB at the frequency of 13.7GHz. The matching thickness is 3mm. 
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